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(57) ABSTRACT

A high-frequency package includes an MMIC including a
signal source and a conductor pattern that 1s connected to the
signal source, a substrate having a signal line and a GND
formed thereon and the MMIC mounted thereon, a metal
bump for signaling that 1s formed between the MMIC and the
substrate, and connects the conductor pattern of the MMIC
and the signal line of the substrate, and a plurality of metal
bumps for shielding that are formed between the MMIC and
the substrate so as to surround the signal source and the
conductor pattern with the metal bump for signaling, where a
space between a pair of adjacent metal bumps among the
metal bump for signaling and the plurality of metal bumps for
shielding 1s equal to or less than half of a wavelength of an
clectromagnetic wave generated from the signal source.

7 Claims, 1 Drawing Sheet
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1
HIGH-FREQUENCY PACKAGE

FIELD

The present invention relates to a high-frequency package.

BACKGROUND

In recent years, there 1s used a configuration 1n which a
semiconductor device such as an MMIC (Monolithic Micro-
wave Integrated Circuit) and a high-frequency package sub-
strate 1s tlip-chip assembled on another substrate by a BGA
(Ball Grid Array) that uses solder bumps. In this configura-
tion, there are cases where gold bumps are used instead of
solder bumps.

Conventionally, even 1f a semiconductor device 1s mounted
on a substrate using an electrically-conductive adhesive or the
like, when the semiconductor device i1s covered by a metal
cover to arrtightly seal the semiconductor device or when
ventilation holes are small even though the metal cover i1s not
a type that airtightly seals the semiconductor device, a high-
frequency signal i1s not leaked from the semiconductor device
to outside. Therefore, there has been no problem regarding

EMI (ElectroMagnetic Interference) characteristics (see
Patent Literature 1).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. 2010-153477

SUMMARY
Technical Problem

However, 11 the semiconductor device 1s 1n a flip-chip
assembly and 1s not electromagnetically shielded by a metal
cover, a igh-frequency signal 1s leaked from the semicon-
ductor device to outside, and this leakage becomes a cause of
degradation of EMI characteristics and increase of noise on a
system.

The present mvention has been achieved 1in view of the
above problem, and an object of the present invention 1s to
provide a high-frequency package in which leakage of a
high-frequency signal to the outside 1s reduced even without
covering a semiconductor device by a metal cover.

Solution to Problem

In order to solve above-mentioned problems and to achieve
the object, a igh-frequency package according to the present
invention including: a semiconductor device including a sig-
nal source and a conductor pattern that 1s connected to the
signal source; a substrate having a signal line and a ground
formed thereon and the semiconductor device mounted
thereon; a metal bump for signaling that 1s formed between
the semiconductor device and the substrate, and connects the
conductor pattern of the semiconductor device and the signal
line of the substrate; first metal bumps for shielding that are
formed between the semiconductor device and the substrate
so as to be arranged to sandwich the metal bump for signaling,
and are connected to the ground of the substrate; and second
metal bumps for shielding that are formed 1n plural between
the semiconductor device and the substrate so as to surround
the signal source and the conductor pattern with the metal
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2

bump for signaling and the first metal bumps for shielding,
and are connected to the ground of the substrate, where a
space between each of the second metal bumps for shielding
including a space thereol between first metal bumps for
shielding 1s equal to or less than half of a wavelength of an
clectromagnetic wave generated from the signal source. The
metal bump for signaling, the first metal bumps for shielding,
and the second metal bumps for shielding are arranged 1n a
substantially circular shape.

Advantageous Effects of Invention

According to the present ivention, leakage of a high-
frequency signal to the outside can be reduced even without
covering a semiconductor device by a metal cover.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11s a side view of a configuration of a high-frequency
package according to an embodiment of the present inven-
tion.

FIG. 2 1s a cross-sectional view of the high-frequency
package according to the embodiment.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of a high-frequency package
according to the present invention will be explained below 1n
detail with reference to the accompanying drawings. The
present invention 1s not limited to the embodiments.

Embodiment

FIG. 11s a side view of a configuration of a high-frequency
package according to an embodiment of the present mnven-
tion. A high-frequency package 10 according to the present
embodiment has a configuration in which an MMIC 3 is
mounted on a substrate 1, which has a signal line and a GND
(ground) formed thereon, via metal bumps 2. Solder or gold
can be applied as the material of the metal bumps 2.

FIG. 2 1s a cross-sectional view of the high-frequency
package 10 according to the present embodiment, and depicts
a cross section along the line II-11 1n FIG. 1. Terminals 31 for
wiring and terminals 32 for shielding are arranged on the
bottom face of the MMIC 3. In FIG. 2, the metal bumps 2 are
shown separately as metal bumps 21 for signaling and metal
bumps 22 for shielding. The metal bumps 21 for signaling are
bumps that connect a conductor pattern 33 to the signal line
formed on the substrate 1. The metal bumps 22 for shuelding
are bumps that shueld an electromagnetic wave leaked from a
signal source 4 or the conductor pattern 33.

The terminal 31 for wiring includes terminals 31a for sig-
naling and terminals 315 for grounding. The terminals 31a for
signaling are connected to the signal source 4 (such as a FET
(Field Effect Transistor)) via the conductor pattern 33, and are
connected to the signal line of the substrate 1. The ground
terminal 315 are connected to the GND of the substrate 1, and
are arranged so as to sandwich the terminal 31a for signaling
that 1s arranged on a peripheral part of the MMIC 3. With this
configuration, the peripheral part of the MMIC 3 1s 1n a state
where so-called “GSG connection” 1s formed, and thus an
clectromagnetic wave hardly leaks from the MMIC 3.

Furthermore, the terminals 32 for shielding are connected
to the GND of the substrate 1.

The wiring terminal 31 and the terminal 32 for shielding
are arranged such that the space between these terminals 1s

less than half of a wavelength of an electromagnetic wave
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generated from the signal source 4 and that these terminals
surround the periphery of the conductor pattern 33.

The metal bump 21 for signaling 1s arranged 1n the signal
terminal 31qa, and the terminal 31a for signaling 1s connected
to a signal line on the side of the substrate 1 via the metal
bump 21 for signaling. Furthermore, the metal bump 22 for
shielding 1s arranged in the ground terminal 315, and the
ground terminal 315 1s connected to a GND on the side of the
substrate 1 via the metal bump 22 for shielding. Further, the
metal bump 22 for shielding 1s arranged 1n the terminal 32 for
shielding, and the terminal 32 for shielding 1s connected to the
GND on the side of the substrate 1 via the metal bump 22 for
shielding.

In the above configuration, the metal bump 2 surrounds the
conductor pattern 33 with a space that 1s equal to or less than
half of a wavelength of an electromagnetic wave generated
from the signal source 4, and thus the metal bump 2 functions
as an electromagnetic shield. Accordingly, the electromag-
netic wave generated from the signal source 4 1s prevented
from leaking to outside of an area surrounded by the metal
bump 2. With this configuration, degradation of EMI charac-
teristics and 1increase of noise can be suppressed. In addition,
when respective spaces between the terminals 31 for wiring
and the terminals 32 for shielding are narrowed, shielding
characteristics of the high-frequency package can be
improved.

In the present embodiment, because couphng of the MMIC
3 to adjacent MMICs can be suppressed, 1t 1s possﬂ:)le to
prevent oscillations due to looping of their noises. For
example, when another MMIC 1s connected 1n series with the
front stage of the MMIC 3, 1f an output from the MMIC 3
superimpo ses on an input from another MMIC, the looping of
their noises occurs. However, in the present embodiment,
because leakage of an electromagnetic wave from the MMIC
3 1s prevented, such troubles can be suppressed. Therelore,
the yield at the time of manufacturing the high-frequency
package 10 can be improved.

In the above embodiment, there has been explained a con-
figuration example in which the terminals 315 for grounding
are arranged 1n the terminal 31 for wiring so as to sandwich
the terminal 31a for signaling; however, the above embodi-
ment 1s not necessarily limited to this configuration. Further-
more, 1 the above embodiment, while there has been
explained a configuration example 1n which the terminals 32
tor shielding are connected to the GND of the substrate 1, 1t 1s
also possible to employ a configuration in which the terminals
32 for shielding are connected to the signal line of the sub-
strate 1. Further, 1t 1s also possible to employ a configuration
in which a part of the terminals 32 for shielding 1s connected
to the GND of the substrate 1 and the rest of the terminals 32
for shielding 1s connected to the signal line of the substrate 1.
Electromagnetic shielding characteristics can be improved
when the terminals 32 for shielding are connected to the GND

of the substrate 1.

INDUSTRIAL APPLICABILITY

As described above, the high-1requency package according
to the present invention 1s usetiul 1n a feature that leakage of an
clectromagnetic wave can be suppressed even 1n a state where
the high-frequency package 1s not airtightly sealed, and 1s
particularly suitable 1n a case where a signal 1s processed as
the high-frequency package 1s connected in series with adja-
cently located other high-frequency packages.

REFERENCE SIGNS LIST

1 substrate, 2 metal bump, 3 MMIC, 4 signal source, 10
high-frequency package, 21 metal bump for signaling,

10

15

20

25

35

40

45

50

55

60

65

4

22 metal bump for shielding, 31 terminal for wiring, 31a
terminal for signaling, 315 terminal for grounding, 32
terminal for shielding, 33 conductor pattern.

The mnvention claimed 1s:

1. A high-frequency package comprising;:

a semiconductor device including a signal source and a

conductor pattern that 1s connected to the signal source;

a substrate having a signal line and a ground formed

thereon and the semiconductor device mounted thereon;

a metal bump for signaling that 1s formed between the

semiconductor device and the substrate, and connects
the conductor pattern of the semiconductor device and
the signal line of the substrate;
first metal bumps for shielding that are formed between the
semiconductor device and the substrate so as to be
arranged to sandwich the metal bump for signaling, and
are connected to the ground of the substrate; and

second metal bumps for shuelding that are formed 1n plural
between the semiconductor device and the substrate so
as to surround the signal source and the conductor pat-
tern with the metal bump for signaling and the first metal
bumps for shielding, and are connected to the ground of
the substrate, wherein

the first metal bumps for shielding and the second metal

bumps for shielding are arranged along a circumierence
of a substantially circular shape that reduces leakage of
a high-frequency signal, and the metal bump for signal-
ing 1s arranged along the circumierence of the substan-
tially circular shape,

the signal source and the conductor pattern are arranged

within the substantially circular shape and not connected
to the outside of the circumierence through a space
between each of the metal bump for signaling, the first
metal bumps for shielding and the second metal bumps
for shielding, and

the space between each of the metal bump for signaling, the

first metal bumps for shielding and the second metal
bumps for shielding, 1s equal to or less than half of a
wavelength of an electromagnetic wave generated from
the signal source.

2. The high-frequency package according to claim 1,
wherein the metal bump for signaling 1s connected to the
signal line of the substrate so that the first metal bumps for
shielding sandwich the metal bump for signaling to form a
ground-signal-ground (GS(G) connection on a peripheral part
of the semiconductor device.

3. The high-frequency package according to claim 1, fur-
ther comprising:

a first terminal for signaling, wherein

the metal bump for signaling 1s formed in the first terminal

for signaling.

4. The high-frequency package according to claim 3, fur-
ther comprising:

a second terminal for shielding, wherein

one of the second metal bumps for shielding 1s found 1n the

second terminal for shielding.

5. The high-frequency package according to claim 4,
wherein the second terminal for shielding 1s connected to the
ground.

6. The high-frequency package according to claim 3,
wherein the first terminal for signaling i1s connected to the
signal line.

7. The high-frequency package according to claim 1,
wherein the semiconductor device 1s not covered by a

metal cover.
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